INTRODUCTION {#sec1-1}
============

While the primary method for evaluating diabetic retinopathy involves direct and indirect ophthalmoscopy, various imaging modalities are of significant utility in the screening, evaluation, diagnosis, and treatment of the different presentations of this disease. Many imaging techniques can be useful depending on the manifestation of diabetic retinopathy. Important imaging techniques to be familiar with include color fundus photography, fluorescein angiography (FA), B-scan ultrasonography, and optical coherence tomography (OCT). This manuscript is meant to provide an overview of these different imaging techniques and how they relate to the management of diabetic retinopathy.

FUNDUS PHOTOGRAPHY {#sec1-2}
==================

Color fundus photography is a useful tool in the management of diabetic eye disease. Traditionally, fundus photography has been performed using film, but more recently, digital fundus photography has become widely adopted. Digital images enable easy and immediate review of images, straightforward image magnification, and the ability to easily enhance and manipulate images. Fundus photography is helpful for documentation of the retinopathy as well as counseling the patient and demonstrating to them what their disease looks like. Fundus photography is also useful for monitoring for improvement or progression of diabetic retinopathy over time. There are different types of fundus photography: Standard, wide field, and stereoscopic.

Standard fundus photography {#sec2-1}
---------------------------

Standard macular fundus photography captures 30° of the posterior pole of the eye, which includes the macula and the optic nerve[@ref1] \[[Figure 1](#F1){ref-type="fig"}\]. Pros of this form of color photography include that it is easy to use and highly available, and can be utilized to assist in documentation. Certain morphologic features such as hard exudates are easy to identify on color photographs. However, standard macular fundus photography cannot confirm clinically significant macular edema (CSME), fine detail is often not apparent, and it can be difficult to obtain good imaging if there is any media opacity.[@ref2]

![Standard color fundus photo, showing 30° of the posterior pole including the optic nerve and the macula of the left eye of a patient with proliferative diabetic retinopathy. There are diffuse areas of retinal hemorrhages as well as neovascularization along the temporal superior arcade and a small amount of vitreous hemorrhage over the nerve corresponding with neovascularization of the disc](MEAJO-22-145-g001){#F1}

Widefield fundus photography {#sec2-2}
----------------------------

Recently, widefield fundus photography has been developed, which can image the peripheral retina as well. A standard fundus camera can collect seven fundus fields, which can be combined to create a montage image that shows a 75° field of view \[[Figure 2](#F2){ref-type="fig"}\]. Newer fundus cameras can capture up to a 200° field of view, even with an undilated pupil, allowing for viewing of over 80% of the total surface retinal area.[@ref3] The theoretical advantage of larger fields of view is that they allow for more thorough documentation and detection of peripheral retinal pathology in a minimally invasive fashion. However, widefield imaging does have some limitations, including distortion of images due to the spherical nature of the globe, eyelash artifacts, false color representation of fundus findings, and high equipment costs. Because of these limitations, traditional 30° fundus photography continues to be the standard method to photograph the fundus.

![Montage image of the left eye of the same patient seen in [Figure 1](#F1){ref-type="fig"} using 7-field fundus photography. There is more visualization of the periphery as well as a better appreciation for the extent of the diabetic retinopathy](MEAJO-22-145-g002){#F2}

Stereoscopic fundus photography {#sec2-3}
-------------------------------

With stereoscopic fundus photography, two images are created photographically, one for each eye, and when viewed appropriately, become fused in the brain to form a singular stereoscopic picture.[@ref4] This form of photography allows for examination of the patient\'s pathology in three-dimensions, similar to direct ophthalmoscopy. For distinguishing between IRMA and extraretinal neovascularization elsewhere (NVE), stereoscopic photography may be useful. In clinical practice, however, the utility of stereoscopic photos is debatable and can take more time for the physician to interpret. A comparative study of monoscopic and stereoscopic fundus photography found no difference in the ability of a trained ophthalmologist to evaluate the severity of diabetic retinopathy using Early Treatment of Diabetic Retinopathy Study (ETDRS) criteria.[@ref5]

Telemedicine {#sec2-4}
------------

Color fundus photography is also currently being utilized and researched for the purpose of screening of diabetic retinopathy outside of the ophthalmology clinic: This is termed telemedicine. Telemedicine has several potential advantages over needing an ophthalmologist to perform a dilated fundoscopic examination. One advantage is the possibility of increasing compliance with retinopathy screening, as these screenings can be done at a primary care physician\'s office or a more convenient location for the patient. Other potential advantages include increased efficiency, decreased costs to the patient and society and easier access to screening in areas with poor access to eye care professionals. In addition, some fundus cameras are now able to be used without dilation, allowing screening to be done in a maximally benign fashion.[@ref6]

There are a number of disadvantages of using color fundus photography for screening, however. Color fundus photography is not a substitute for a comprehensive eye exam, as it cannot be used to look for other ocular diseases such as glaucoma or cataracts. Even widefield photography is not capable of imaging the entire retina. Macular edema and retinal neovascularization cannot always be visualized on fundus photographs, and image interpretation can sometimes be limited due to imaging artifacts or poor image quality. The American Diabetic Association (ADA) states that fundus photography may be used as a screening tool for retinopathy, but is not a substitute for an ophthalmic exam, and in 2014, still recommends an eye care professional evaluate all patients with diabetes.[@ref7]

A meta-analysis done by the American Academy of Ophthalmology (AAO) showed that single-field fundus photography, when interpreted by trained readers to detect vision-threatening retinopathy, had a sensitivity ranging from 61% to 90% and specificity ranging from 85% to 97% when compared to 7-field fundus photos. The recommendations from the study were that there is the level I evidence that single-field fundus photography can serve as a screening tool for diabetic retinopathy to identify patients for referral to an ophthalmologist.[@ref8] As digital fundus photography continues to improve and the volume of patients with this disease increases, color fundus photography will likely serve as an important screening modality. Currently, however, dilated eye examination remains the standard of care.[@ref9]

FLUORESCEIN ANGIOGRAPHY {#sec1-3}
=======================

Another important imaging technique in the evaluation of nonproliferative and proliferative diabetic retinopathy is FA. The technology was first described in 1961 and was introduced into mainstream ophthalmology by Gass in 1967.[@ref10] FA is useful in evaluating diabetic eye disease as it is currently the gold standard for evaluating the retinal vasculature, the part of the retina most affected by diabetes.

Performing fluorescein angiography {#sec2-5}
----------------------------------

To perform FA, sodium fluorescein in a sterile aqueous solution is injected intravenously. The majority of fluorescein in the bloodstream is protein-bound while 20% is unbound. Sodium fluorescein is a fluorescent mineral-based dye; when it is excited by blue light (\~480 nm), it then emits, or fluoresces, yellow-green light (\~525 nm). FA works using a fundus camera that is outfitted with excitation and barrier filters. White light from the flash is passed through a blue excitation filter and is then absorbed by unbound fluorescein molecules traveling through the arteries and veins in the eye. The molecules then emit light with a longer wavelength in the yellow-green spectrum. The barrier filter in the camera blocks other wavelengths, so the captured image shows only the light emitted by the fluorescein molecules.[@ref2][@ref11]

Interpreting fluorescein angiography in diabetics {#sec2-6}
-------------------------------------------------

In patients with diabetic retinopathy, imaging photos from FA can show microaneurysms, which manifest as punctate areas of hyperfluorescence. Patchy areas of hypofluorescence can signify ischemia from nonperfused retinal capillaries. An increase in the foveal avascular zone from macular ischemia can be seen using FA, which may help explain vision loss in some diabetic patients. FA can also show abnormal blood vessels in the eye such as intraretinal microvascular abnormalities (IRMA) or retinal neovascularization. Since fluorescein is partially unbound in the blood stream, it can leak out of incompetent blood vessels. The visualization of leakage of fluorescein dye over time is useful in showing the breakdown of the blood-retinal barrier. This is best exemplified in diabetic macular edema, which is visualized as fluorescein leakage over time in the macula. Retinal neovascularization also can cause fluorescein leakage, and FA is a useful test to confirm the diagnosis of neovascularization of the disc and elsewhere in proliferative diabetic retinopathy \[[Figure 3](#F3){ref-type="fig"}\].

![Fluorescein angiography of the same eye seen in Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}. The standard 30° photo on the left shows scattered microaneurysms throughout the macula. There is IRMA present along the superior arcade as well as leakage from an area of neovascularization. A peripheral sweep of the fluorescein angiography in the same patient shows patchy areas of hypofluorscence corresponding with extensive areas of peripheral retinal nonperfusion](MEAJO-22-145-g003){#F3}

Widefield fluorescein angiography {#sec2-7}
---------------------------------

More recently, widefield FA has been developed which has allowed for improved imaging of the peripheral retina \[[Figure 4](#F4){ref-type="fig"}\]. This technology can be helpful in detecting the peripheral neovascularization, as well as the extent of retinal nonperfusion. Widefield FA may reveal peripheral areas of capillary nonperfusion that are difficult to visualize with standard field FA.[@ref12][@ref13] It has been hypothesized that these nonperfused regions may be a source of vascular endothelial growth factor (VEGF), which might contribute to formation of diabetic macular edema.[@ref14] VEGF release might theoretically be halted by "targeted" panretinal photocoagulation (PRP) to these areas of nonperfusion, which may then lead to improvement in macular edema.[@ref15][@ref16] At this point, however, there has been no conclusive evidence that targeted PRP is clinically useful, and there are no large randomized studies to show whether widefield imaging can help to improve visual outcomes.

![Widefield fluorescein angiography in a patient with proliferative diabetic retinopathy. Note the numerous areas of leakage by the disc and along the arcades corresponding to neovascularization of the disc and elsewhere, respectively. There are extensive areas of nonperfusion in the periphery, and multiple laser scars from panretinal photocoagulation have been targeted to these nonperfused areas](MEAJO-22-145-g004){#F4}

LIMITATIONS OF FLUORESCEIN ANGIOGRAPHY {#sec1-4}
======================================

It is important to note that FA was not part of the ETDRS criteria for determining if a patient has CSME. Rather, CSME is an examination finding diagnosed by fundus biomicroscopy with one of three criteria: Hard exudates within 500 μ of the fovea with associated retinal thickening, retinal thickening within 500 μ of the fovea, or an area of retina thickening over 1500 μ in diameter that is less that 1500 μ from the fovea. Also unclear is the utility of FA for determining treatment parameters for macular edema or determining success of macular edema therapy.[@ref17] In addition, visualization of deep retinal and choroidal vessels is limited using FA.

Fluorescein angiography also has a number of potential side effects. The most common complications are transient nausea that occurs in about 2.9% of patients, as well as vomiting in 1.2% of patients.[@ref18] There are also various allergic reactions ranging from mild pruritus and urticaria to severe anaphylaxis and death, although the latter are extremely rare.[@ref19][@ref20][@ref21] There are no risks or adverse reactions that have been associated with pregnancy, but most physicians avoid performing this test in pregnant patients.[@ref22] It is of note that fluorescein dye is not iodine-based, and patients with an iodine allergy can still receive fluorescein dye. The percentage of reactions in patients who had had the previous FA without complication was 1.8%, compared with 48.6% in patients who had had a prior reaction to FA.[@ref18]

ULTRASONOGRAPHY {#sec1-5}
===============

Another imaging modality that can be useful in proliferative diabetic retinopathy is B-scan ultrasonography. B-scan ultrasonography creates an image of the eye by using sound waves transmitted at a high frequency from a transducer to the target tissue, which then return to the transducer at varying times and amplitudes. These signals are then interpreted and summed to construct a two-dimensional image of the eye.[@ref23] Higher amplitudes correspond to higher densities of tissue that reflect more signal back to the transducer and appear more white in color on the image. Lower amplitudes signify lower-density tissues that do not reflect as much ultrasound signal. B-scan ultrasonography is most useful in patients with vitreous hemorrhage or other media opacity, where the retina cannot be visualized directly on ophthalmic examination. B-scan ultrasonography can demonstrate if a retinal detachment is present and can show other retinal pathology such as a vitreous hemorrhage or posterior vitreous detachment.[@ref24] It is not particularly useful for imaging diabetic retinopathy if the media is clear.

OPTICAL COHERENCE TOMOGRAPHY {#sec1-6}
============================

Optical coherence tomography is an imaging technique capable of evaluating retinal morphology with microscopic resolution.[@ref25] Since it became commercially available in 1996, a steady progression of software and hardware improvements to OCT instruments has occurred, and it has now become a mainstay in the management of a variety of retinal diseases, particularly in macular diseases. In diabetics, OCT is most useful to measure and quantify macular edema, and in the era of anti-VEGF therapy, it has become the most important imaging tool in managing patients with diabetic macular edema.

How optical coherence tomography works {#sec2-8}
--------------------------------------

Optical coherence tomography works by emitting light and then measuring the resultant time it takes for light to be reflected back from the target tissue; this is analogous to the way sound is used in ultrasonography. By scanning the OCT light source across the macula rapidly, multiple OCT A-scans may be obtained and combined to form a linear image analogous to a B-scan ultrasound image. Because light travels too fast to be detected directly, reflected light must be measured indirectly, using a technique called low coherence interferometry.[@ref26]

In OCT, the axial resolution is determined by the bandwidth of the light source. Older generations of OCT instruments used light sources capable of 10um axial resolution in the human eye. Recently, wider bandwidth light sources have allowed axial resolutions up to 3 um.[@ref27] Transverse resolution is limited to 10--15 μm by natural aberrations in the human eye. In older OCT systems, a reference mirror was continuously moved to detect OCT signal at varying depths within tissue; this was termed time domain OCT. In newer OCT devices, the signal is detected using a stationary reference arm, allowing much faster imaging speeds; this is termed spectral domain OCT.[@ref28]

Analysis software is critical to the function of OCT devices. Computer algorithms are used to calculate retinal thickness by automatically delineating the inner and outer retinal boundaries. When several OCT images are obtained through the macula, a retinal thickness map can be generated. Previous OCT systems acquired maps by combining data from six linear images. Newer spectral domain OCT systems create macular maps using a much larger amount of OCT data. Automated measurements of retinal thickness can then be compared to normative databases and followed over time, which can be particularly helpful when assessing responses to treatment \[[Figure 5](#F5){ref-type="fig"}\].

![Optical coherence tomography (OCT) of the macula in a patient with diabetic macular edema. On the presentation (top), the patient has severe macular edema with retinal thickening and intraretinal fluid, shown in red on the OCT map to the right. Exact thickness measurements are also shown using a 9-field Early Treatment of Diabetic Retinopathy Study (ETDRS) map. After the first injection of ranibizumab (middle), the retinal edema improves on OCT and the change is quantified by looking at the OCT macular thickness maps, with the central field thickness decreasing from 581 μ to 405 μ on the ETDRS map. After 6 injections, the OCT shows resolution of fovea macular edema with the central field thickness returning to a normal level compared to age-matched controls (turning from red to green on the ETDRS map), showing an excellent overall response to treatment](MEAJO-22-145-g005){#F5}

Advantages of OCT include being noncontact and noninvasive, capable of capturing high-resolution images, quantifying retinal and intraretinal thicknesses, and taking a short amount of time to acquire images. OCT can often be done in a patient who is undilated, although the image quality is often higher in a dilated pupil. Disadvantages include cost of equipment, limitation by media opacity, need for operator skill and training, difficulty capturing images in patients who cannot fixate, and the introduction of imaging artifacts due to automated software errors.

Optical coherence tomography in diabetic macular edema {#sec2-9}
------------------------------------------------------

Currently, OCT is the most important test in evaluation and management of diabetic macular edema. OCT can determine whether diabetic macular edema is center-involving or noncenter-involving, which has become an important distinction in the era of anti-VEGF therapy.[@ref29] OCT can also demonstrate a number of microanatomical features in diabetic macular edema. Hard exudates are seen as small hyperreflective lesions typically found in the outer plexiform layer. OCT also can show intraretinal and subretinal fluid, seen as dark "spaces" in or under the retina, respectively \[[Figure 6](#F6){ref-type="fig"}\]. OCT can demonstrate areas of subclinical macular edema, as well as help confirm the absence of macular thickening.[@ref30]

![Optical coherence tomography of the macula of the left eye of a patient with diabetic macular edema. There is subretinal fluid as well as cystoid intraretinal fluid present, causing loss of the normal foveal contour. There are areas of increased hyperreflectivity in the outer plexiform layer corresponding to hard exudates](MEAJO-22-145-g006){#F6}

Optical coherence tomography can also demonstrate loss of different layers of the retina, such as the photoreceptors or nerve fiber layer, which can sometimes help to explain visual loss in patients without other macular abnormalities. OCT is also of utility in demonstrating abnormalities of the vitreoretinal interface, such as epiretinal membranes or vitreomacular traction, which may be more amenable to surgical therapy. OCT is also excellent to help gauge the anatomic outcome in patients of various therapies such as laser, intravitreal injections, systemic medications, and surgery.[@ref31]

Although OCT is extremely helpful in diagnosis of diabetic macular edema, it is not as helpful in the diagnosis of macular ischemia. It is also not clear at what threshold macular edema as seen on OCT should be treated; some patients may have center-involving macular edema on OCT but good visual acuity, and it remains to be seen whether these patients would benefit from treatment. In addition, CSME remains a diagnosis based on slit lamp biomicroscopy, not OCT. It is also not clear whether FA is necessary to determine treatment area for focal laser photocoagulation or if an OCT map may be more useful to guide focal laser treatment.

SUMMARY {#sec1-7}
=======

In summary, imaging modalities for the management of diabetic retinopathy remain clinically important. Fundus photography can be used to document retinal disease over time, and may be increasingly helpful in screening of diabetic patients for retinopathy. B-scan ultrasonography can be helpful in patients with media opacity, such as vitreous hemorrhage or cataract. FA is helpful to visualize retinal ischemia, as well as leakage from retinal neovascularization and also in macular edema. OCT has become a critical tool in the diagnosis and management of diabetic macular edema. As these technologies have continued to evolve, their importance in the diagnosis and management of diabetic retinopathy has become increasingly evident.
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